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ABSTRACT 

This f i n a l  r epor t  covers t h e  ac t iv i t i e s  of the  Research Triangle  

I n s t i t u t e ' s  Biomedical Applicat ions Team during t h e  per iod from 

15 June 1966 t o  14  June 1967. The work r epor t ed  he re  has  been supported 

by NASA Contract NSR-34-004-035. This work w a s  d i r e c t e d  by D r .  J. N. 

Brown and has  been under t h e  general  supervis ion of D r .  R. M.  Burger, 

Director ,  S o l i d  S t a t e  Laboratory, Research Tr i ang le  I n s t i t u t e .  (The 

remaining members o f  t h e  team are  R T I  s taff  members M r .  Ernest  Harrison, 

Engineer; M r .  J .  W .  Murrell ,  P h y s i c i s t ;  D r .  H. G .  Richter ,  Chemist; and, 

M r .  J .  B.  Tomerdahl ,  Engineer.) Consultants from medical and d e n t a l  

i n s t i t u t i o n s  t o  t h i s  program a r e  D r .  E.  A. Johnson, P ro fes so r  o f  Cardiac 

Pharmacology, Duke Universi ty  Medical Center, Durham, North Carolina; 

D r .  F. L .  Thurstone, Professor  and Director ,  Department of  Biomedical 

Engineering, Bowman-Gray School o f  Medicine, Wake Fores t  College, Winston- 

Salem, North Carolina; Dr. M. K. Berkut, P ro fes so r  o f  Biochemistry, UNC 

Medical School, Chapel H i l l ,  North Carolina.  Addit ional ly ,  t h e  following 

ind iv idua l s  have been o f  value to  t h i s  program by a c t i n g  as l i a i s o n  between 

t h e  a p p l i c a t i o n s  team and the  s t a f f s  a t  o t h e r  medical i n s t i t u t i o n s :  

t h e  Dental Research Center, School of Den t i s t ry ,  Universi ty  of North 

Carolina, D r .  A .  D. Dixon, Ass i s t an t  Dean; f o r  R m k e f e l l e r  Universi ty ,  

Monte F io re  Hospi ta l  and t h e  Albert  E i n s t e i n  I n s t i t u t e ,  New York, D r .  

Lawrence Eisenberg, Professor  o f  E lec t r ica l  Engineering and f o r  t h e  

Hospi ta l  f o r  Spec ia l  Surgery, New York, D r .  W i l l i a m  Cooper, Director  of 

R e h a b i l i t a t i o n  Medicine. 

f o r  

ii 



1.0 Introduction 

This report summarizes the activities of the Research Triangle 

Institute's Biomedical Applications Team during the period from 15 June 

1966 to 14 June 1967. During this contract period, the following ob- 

jectives have been realized: 

(1) A Biomedical Applications Team consisting now of four members 

has been organized at the Research Triangle Institute; 

(2) Through interactions with biomedical researchers and clinicians 

at nine medical institutions approximately one hundred problems 

and needs existing in the biomedical field have been identified; 

(3) In attempting to find solutions to these problems the applica- 

tions team has prepared sixteen Biomedical Problem Abstracts, 

initiated eighteen computer information searches at the Science 

and Technology Research Center of the North Carolina Board of 

Science and Technology, and applied the experience of the team 

members and medical consultants at the participating medical 

institutions ; 

(4) The team has identified and evaluated solutions to seven bio- 

medical problems and is presently in the process of evaluating 

or beginning to evaluate a number of possible solutions to other 

biomedical problems; and 

(5) The team has continually analyzed its organization and function 

to determine the most effective method of serving as an inter- 

face between the physical and life sciences and has incorporated 

the results of these analyses into its own organization and 

function. 
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n.3. i n i s  r e p o r t  sumnarizes brier ' iy compieced c r a n s f e r s  of technology and 

d i scusses  those p o t e n t i a l  t r a n s f e r s  which are most l i k e l y  t o  come t o  

f r u i t i o n .  

ments f o r  t h e  most e f f e c t i v e  ope ra t ion  of  Biomedical Applicat ions Teams. 

C o m p l e t e l i s t s o f  biomedical problems and needs which have been i d e n t i f i e d  

by t h e  team, biomedical problem a b s t r a c t s  and information searches which 

have been i n i t i a t e d  are contained i n  t h e  Appendices. 

jectives o f  t h e  Biomedical Applicat ions Team a r e  reviewed i n  t h e  following 

s e c t i o n s .  

The r e p o r t  a l s o  contains  a d i scuss ion  o f  t h e  e s s e n t i a l  require-  

The primary ob- 

2.0 Program Object ives  

The Technology U t i l i z a t i o n  Divis ion o f  t h e  National Aeronautics and 

Space Adminis t ra t ion i s  making ve ry  s i g n i f i c a n t  e f f o r t s  t o  t r a n s f e r  t h e  

s c i e n t i f i c  and technological  r e s u l t s  o f  t h e  n a t i o n ' s  aerospace ac t iv i t i e s  

to  industrial, educational,  and medical i n s t i t u t i o n s .  There are many 

examples of  success i n  t h i s  technology u t i l i z a t i o n  program. A t  present ,  

t h e  t r a n s f e r  of  science and technology t o  t h e  biomedical f i e l d  i s  be- 

coming one of  t h e  major and most important a c t i v i t i e s  w i t h i n  t h i s  tech- 

nology u t i l i z a t i o n  program. There are, however, some r a t h e r  unique 

problems a s soc ia t ed  wi th  t h e  t r a n s f e r  of  technology t o  problems and needs 

e x i s t i n g  i n  t h e  f i e l d  of  biomedicine. Many o f  t h e s e  problems are r e l a t e d  

t o  t h e  d i f f e r e n c e s  i n  both language and methodology used i n  t h e  phys ica l  

and l i f e  sciences.  

I n  o r d e r  t o  f a c i l i t a t e  the t r a n s f e r  o f  s c i e n t i f i c  and technological  

information t o  c l i n i c i a n s  and biomedical r e sea rche r s ,  NASA i s  p r e s e n t l y  

support ing t h r e e  mul t id i sc ip l ina ry  "Biomedical Applicat ions Teams". The 
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primary o b j e c t i v e s  of t h e  Applications Teams a re :  (1) t o  i d e n t i f y  medical- 

r e l a t e d  problems and needs which appear t o  be "solvable" by t h e  a p p l i c a t i o n  

of scieme and technology r e s u l t i n g  from aerospace research and develsp- 

ment programs; 

may l e a d  t o  s o l u t i o n s  o f  these problems; and, (3) t o  document these  

" t ransfers"  o f  science and technology t o  achieve maximum u t i l i z a t i o n  of  

(2) t o  i d e n t i f y  t h e  s p e c i f i c  technology o r  concepts which 

t h e  r e s u l t s  of  t h e  program. 

e f f o r t  i s  t o  o b t a i n  an understanding of t h e  d i f f i c u l t i e s  encountered i n  

applying t h e  r e s u l t s  obtained i n  t h e  phys ica l  s c i ences  t o  t h e  problems 

and needs of e n t i r e l y  d i f f e r e n t  d i s c i p l i n e s  such as medicine and biology. 

With t h i s  understanding, t h e  teams a r e  t o  adapt  t h e i r  ope ra t ion  toward 

achieving a more e f f e c t i v e  i n t e r f a c e  and information channel between 

t h e  physical  and l i f e  sciences.  

An equa l ly  important o b j e c t i v e  of  t h i s  team 

I n  achieving t h e s e  ob jec t ives ,  members of t h e  Applicat ions Team d i s -  

c u s s  s p e c i f i c  problems which a r e  being encountered i n  both biomedical re- 

search and t h e  p r a c t i c e  of medicine wi th  r e sea rche r s  and c l i n i c i a n s  a t  

t h e  p a r t i c i p a t i n g  medical i n s t i t u t i o n s .  

and, t o  a g r e a t  ex ten t ,  given d i r e c t i o n  and purpose by consu l t an t s  taken 

from t h e  s t a f f s  of t h e  medical i n s t i t u t i o n s .  The team at tempts  t o  

understand f u l l y  t h e  na tu re  of t h e  problems and needs p l u s  how they  are  

a f f e c t i n g  t h e  progress  of research o r  hindering p a t i e n t  treatment and 

care. Following these  discussions, the team i d e n t i f i e s  very s p e c i f i c  

problems and a t t e m p t s  to  express these  problems i n  pu re ly  physical  o r  

engineering terminology. I n  some instances,  a "Biomedical Problem 

Abstract" which g ives  a concise d e s c r i p t i o n  of  t h e  problem i s  prepared 

and disseminated through t h e  Technology U t i l i z a t i o n  Divis ion of NASA 

These meetings are coordinated 
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to the NASA Centers, as well as other arganizoticns port i r ipat i~g  in the 

space program,in an attempt to uncover any information which may lead to 

a solution. At the same time, the team takes advantage of the services 

of NASA Regional Dissemination Centers such as those offered by the Science 

and Technology Research Center located adjacent to the Research Triangle 

Institute to obtain pertinent information. All information obtained re- 

sulting either from problem abstracts, information searches or through 

the experience of team members is then evaluated. 

aided by medical consultants as well as the researchers and clinicians who 

originated the problems. Finally, these teams both encourage and aid, 

when possible, the application or adaptation of technology which results 

from these activities. 

This evaluation is 

In the following sections are contained discussions of the activities 

of the Biomedical Applications Team located at the Research Triangle 

Institute. This will include considerations of completed and potential 

transfers of aerospace technology and the evolution of the organization 

and functioning of the applications team to increase its effectiveness in 

general. 

3 .O Program Summary 

During the preceding year, the Research Triangle Institute has 

organized a Biomedical Applications Team consisting now of seven indi- 

viduals having a variety of backgrounds in the physical and life sciences. 

The organization of this team will be described more completely in 

Section 4.0. 

following medical, dental, and research institutions: 

To date, the teamhas been involved in activities at the 
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Duke Unive r s i ty  Medical Center, Durham, North Carolina 

Bowman-Gray School of Medicine, Winston-Salem, North Carolina 

Un ive r s i ty  of  Korth Carolina Medical School, Chapel H i l l ,  North Carolina 

Dental Research Center, School of  Dent is t ry ,  UNC, Chapel H i l l ,  North 

Car0 1 i n a  

Veterans Adminis t ra t ion Hospital ,  Durham, North Carolina 

Rockefel ler  Universi ty ,  New York 

Monte F io re  Hospi ta l ,  New York 

Albe r t  E i n s t e i n  I n s t i t u t e ,  New York 

Hospi ta l  f o r  Spec ia l  Surgery, New York. 

I n  t h i s  work, 102 d i f f e r e n t  problems and needs have been i d e n t i f i e d .  A 

complete l i s t  of  t h e s e  problems and needs i s  presented i n  Appendix A. I n  

a t tempting t o  f i n d  s o l u t i o n s  to t h e s e  problems t h e  team has  prepared 16 

biomedical problem a b s t r a c t s  and has  i n i t i a t e d  18 computer searches o f  

t h e  aerospace l i t e r a t u r e  a t  the Science and Technology Research Center 

loca ted  i n  t h e  Research Triangle  Park. 

Abs t r ac t s  and information searches and s t a t u s  o f  t h e  searches are pre- 

sented i n  Appendices B and C, r e s p e c t i v e l y .  Addit ional ly ,  t he  team has 

made use  o f  o t h e r  a v a i l a b l e  sources of  information including i t s  own 

background and experience i n  t h i s  e f f o r t .  F ina l ly ,  t h e  team has continu- 

ously observed i t s  progress  i n  a n  at tempt  t o  adapt i t s  ope ra t ion  toward 

becoming more e f f e c t i v e  as an i n t e r f a c e  between t h e  phys ica l  and l i f e  

sciences.  

d e t a i l  i n  Sec t ion  4.0. 

T i t l e s  o f  t h e  Biomedical Problem 

The r e s u l t s  of t h i s  p a r t  o f  o u r  program are discussed i n  some 

During t h e  c o n t r a c t  period, t h e  Biomedical Applicat ions Team has  

been success fu l  i n  completing a number of  technology t r a n s f e r s  t o  t h e  
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medical f i e l d .  Addit ional ly ,  a number of  p o t e n t i a l  technology t r a n s f e r s  

can be i d e n t i f i e d  and a r e  i n  t h e  i n i t i a l  s t a g e s  o f  eva lua t ion .  I n  the  

following paragraphs these  completed and p o t e n t i a l  t r a n s f e r s  a r e  d i s -  

cussed very b r i e f l y .  Included i n  t h e s e  sumnaries i s  an i n d i c a t i o n  of  

how t h e  t r a n s f e r  was accomplished. 

MT-6 
Correct ion f o r  Latency i n  Vidicons 

D r .  E. A .  Johnson, P ro fes so r  o f  Pharmacology 

Duke Un ive r s i ty  Medical Center 

D r .  Johnson h a s  f o r  some t i m e  been using a closed c i r c u i t  TV system 

t o  monitor evoked con t r ac t ions  of ca rd iac  muscle t i s s u e .  Since t h i s  

t i s s u e  move8 very r a p i d l y  with r e spec t  t o  t h e  scan rate of  conventional 

t e l e v i s i o n  systems, t h e  image which i s  obtained i s  gene ra l ly  q u i t e  

degraded. This r e s u l t s  from both l a t e n c y  o r  s to rage  t i m e  i n  t h e  camera 

tube as w e l l  as from geometric d i s t o r t i o n  of  t h e  image caused by t h e  

s i g n i f i c a n t  mvement of t h e  t i s s u e  during a s i n g l e  frame. 

I n  response t o  Biomedical Problem Abstract  DU-6, a s o l u t i o n  t o  t h i s  

problem was suggested by M r .  Donald Buchele a t  L e w i s  Research Center. 

This s o l u t i o n  c o n s i s t s  o f  using a s t roboscopic  l i g h t  source which is  

synchronized wi th  t h e  60 p e r  second non-inter laced framing rate of t h e  

closed c i r c u i t  TV system. I n i t i a l  experiments w i t h  s t roboscopic  l i g h t i n g  

i n d i c a t e  t h a t  l a t e n c y  problems have been reduced t o  a n  accep tab le  level 

and can perhaps be completely el iminated.  

now been i n s t a l l e d  as a n  i n t e g r a l  p a r t  o f  D r .  Johnson's experimental 

The s t roboscopic  l i g h t i n g  h a s  

equipment. 

p re sen t  due t o  a malfunction i n  t h e  a s s o c i a t e d  video t ape  recorder .  

F u l l  advantage of t h i s  system has  no t  been r e a l i z e d  a t  

It 

i 
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is f u l l y  exDected however that,when t h e  video recorder  i s  funct ioning 

properly,  t h i s  research program w i l l  be s i g n i f i c a n t l y  enhanced as a re- 

s u l t  of M r .  Buchele's suggestion. 

It i s  i n t e r e s t i n g  t o  note t h a t  a number of people have f e l t  t h a t  

s t roboscopic  l i g h t i n g  i s  an obvious s o l u t i o n  and one t h a t  should be 

thought of  innnediately. However, t h i s  i s  a n  a f t e r - t h e - f a c t  observat ion 

and p o i n t s  t o  one of  t h e  real va lues  of  t h e  Biomedical Applicat ions Team 

concept. That i s ,  t h e  team can se rve  as a f a i r l y  s t rong  i n t e r f a c e  be- 

tween r e sea rche r s  and c l i n i c i a n s  i n  t h e  biomedical f i e l d  and a very l a r g e  

number of i n d i v i d u a l s  i n  t h e  space and space - re l a t ed  programs who are 

expe r t s  o r  s p e c i a l i s t s  i n  a p a r t i c u l a r  f i e l d  i n  t h e  physical  sciences.  

This s o l u t i o n  may indeed have been obvious t o  M r .  Buchele a t  t h e  L e w i s  

Research Center, but  it was by no means obvious t o  t h e  people facing 

t h e  problem with l i m i t e d  experience wi th  t h i s  p a r t i c u l a r  type of  equipment. 

WF- 7 

Correct ion for Spherical  Aberrat ion i n  Ul t r a son ic  Holograms 

D r .  F. L .  Thurstone, P ro fes so r  and Director  

Department of  Biomedical Engineering, Bowman-Gray School of  Medicine 

D r .  Thurstone i s  p resen t ly  i n v e s t i g a t i n g  a unique technique f o r  d i s -  

playing t h e  s t r u c t u r e  o f  i n t e r n a l  organs of  t h e  human body. This  tech- 

nique involves  t h e  generation o f  an o p t i c a l  hologram from t h e  information 

contained i n  u l t r a s o n i c  energy r e f l e c t e d  from t h e s e  organs.  There are 

p r imar i ly  t h r e e  reasons f o r  t h i s  p re sen t  i n v e s t i g a t i o n .  F i r s t ,  u l t r a -  

sonic  energy does no t  appear t o  be dangerous t o  t h e  body as are X-rays. 

Second, u l t r a s o n i c  energy i s  r e f l e c t e d  from i n t e r f a c e s  between d i f f e r e n t  

types of s o f t  t i s s u e  and t h e r e f o r e  a l lows v i s u a l i z a t i o n  of  s t r u c t u r e s  
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which cannot be "seen" i n  radiographic images. 

with an u l t r a s o n i c  hologram is three-dimensional.  

Since t h e  u l t r a s o n i c  hologram i s  constructed from information ob- 

Third: t h e  image obtained 

t a i n e d  using u l t r a s o n i c  energy having a wavelength of  approximately 0.3 

m i l l i m e t e r s  and t h e  o p t i c a l  images are r econs t ruc t ed  using l i g h t  having 

a wavelength approximately 3 orde r s  of magnitude smaller, t h e  reconstructed 

image contains  s i g n i f i c a n t  sphe r i ca l  a b e r r a t i o n .  This  a b e r r a t i o n  appears 

as a general  degradation o f  the image. 

A p o s s i b i l i t y  f o r  removing t h i s  sphe r i ca l  a b e r r a t i o n  was i d e n t i f i e d  

i n  t h e  d i g i t a l  image processing f a c i l i t y  a t  NASA's Jet  Propuls ion 

Laboratory.  D r .  Robert Nathan and M r .  Robert Se lze r  a t  JPL have been 

very cooperat ive i n  w r i t i n g  a computer program f o r  t h e  s p h e r i c a l  aberra-  

t i o n  c o r r e c t i o n  and t h i s  c o r r e c t i o n  h a s  been performed i n  an u l t r a s o n i c  

hologram suppl ied by D r .  Thurstone. Because of  t h e  n a t u r e  of t h i s  par- 

t i c u l a r  hologram and t h e  small s i z e  o f  t h e  r econs t ruc t ed  image (approximately 

0.25 inches) a q u a n t i t a t i v e  evaluat ion o f  t h e  co r rec t ed  hologram has  n o t  

been made. However, a general  improvement o f  t h e  r econs t ruc t ed  image 

obtained using t h e  co r rec t ed  hologram w a s  observed. 

important is  t h e  f a c t  t h a t  i t  h a s  been demonstrated t h a t  holograms can be 

processed without degradation being introduced by t h e  scanning and 

d i g i t i z i n g  processes .  

Perhaps equa l ly  

This approach f o r  sphe r i ca l  a b e r r a t i o n  co r rec t ions  was obtained 

through a response from JPL to  a Biomedical Problem Abs t r ac t  descr ibing 

a n  e n t i r e l y  d i f f e r e n t  problem (Problem Abstract  DU-1, Calculat ion of  

L e f t  Ven t r i cu la r  Volume). I n  d i scuss ing  IKT-1 and d i g i t a l  image processing 
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,,:cL W A L I I  n- Y L .  m.---..~--- r l l u L u L v r r r ,  ! le  ol.,szr%2d that f;rs,ga -,rezz.ss:ng represeiited a pus- 

sible solution to his own problem of aberration in ultrasonic holograms. 

Following this, Drs. Thurstone and Brown visited JPL to discuss ultra- 

sonic holography and image processing in general with Dr, Nathan and 

Mr. Selzer. Dr. Nathan was, as a result of his considerable experience 

in crystallography and image processing, able to make a number of sug- 

gestions for improving the investigation of ultrasonic holograms. These 

suggestions included methods of correcting for source and sensor apertures 

and gama and spatial filtering techniques to remove systematic noise in 

the holograms. Dr. Thurstone is presently beginning to incorporate a 

number of changes in his system which will facilitate digital image pro- 

cessing and make this processing more effective. 

UNC- 12 
Low Temperature Lubricant for Microtomes 
Dr. William Waddell, Assistant Director 

UNC Center for Research and Pharmacology and Toxicology 

Obtaining good tissue samples requires very rapid freezing to mini- 

mize damage to the tissue by water crystallization. 

means that the tissue must be frozen using very low temperatures and 

further that these low temperatures be maintained while they are sec- 

tioned using a microtome. At the temperature of liquid nitrogen, the 

ordinary lubricants used on microtomes are totally unsatisfactory. 

solution to this problem was found in NASA document SP-5059, Solid 

Lubricants, which is one of a number of surveys that are continually 

being collected by the Biomedical Applications Team. A molybdenum di- 

sulfide preparation and a teflon dispersion were suggested as possible 

This requirement 

The 
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lubricants. Dr. Waddell has found that the latter lubricant is very 

appropriate for this application. The teflon dispersion is now being 

used routinely as a low temperature lubricant €or microtomes. 

WF- 10 
Aberrations in Holography 

Dr. F. L. Thurstone, Professor and Director 
Department of Biomedical Engineering, Bowman-Gray School of Medicine 

In his investigations of ultrasonic holography, Dr. Thurstone has 

a need to understand and have quantitative expressions for the various 

aberrations which occur in holography. Simple mathematical treatments of 

holography do not give the higher-ordered aberrations and distortions 

which occur because of the assumptions made in the analyses. An informa- 

tion search was initiated at the Science and Technology Research Center 

to obtain information on holography theory, ultrasonic imaging techniques, 

and related technologies. One report resulting from this search has been 

of very significant value to Dr. Thurstone in his work. This particular 
* 

article contains an analysis of high-order aberrations of different types 

which occur in holography, The derivations of these terms are in general 

very complex and time consuming,and as a result this particular informa- 

tion search has been of considerable value. 

* 
Reinhard W. Meier, "Magnification and Third-Order Aberrations in 

Holography," J. Optical Society of America, Vol. 55, No. 8, August 1965, 
pp. 987-992. 
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CSf- 9 

Analysis of Electrophoretic Scan Data 
Dr. J. J. Van Wyk, Professor of Pediatrics and Endocrinology 

University of North Carolina Medical School 

Dr. Van Wyk is presently investigating the effects of growth hormones 

on midget infants by a radio-immunoassay technique. Each experiment re- 

sults in approximately 150 electrophoresed samples which are taped end-to- 

end and passed through a radioactivity strip counter. The resulting 

radioactivity scans must be examined by Dr. Van Wyk and the activity peaks 

identified and separated. The areas under these peaks which are represen- 

tative of quantities of different materials in the samples are then de- 

termined with a planimeter. This manual determination of areas, which 

is performed by student-wives, is both time consuming and fallable and 

is the weak link in the entire process. At present, several months of data 

are waiting for analysis. 

Several alternative techniques were suggested. In view of the fact 

that Dr. Van Wyk wants to continue to perform the initial inspection of the 

radioactivity scans, only one of these approaches appears applicable. 

This involves cutting the original electrophoresed samples at points 

indicated by the visual inspection of the radioactivity scans. 

or quantities of materials, are obtained by a determination of total 

activities of these sample sections using a counter with an automatic 

sample changer. 

The areas, 

The resulting digital data obtained in this manner are 

convenient for recording and are obtained more rapidly. 

This particular transfer was a result of the experience and famil- 

iarity of one of the members of the applications team with radioisotope 

techniques and instrumentation. 
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UNC- 2 
Bone Growth and Resorption Mechanisms 

Drs. D. L. Allen and W. T. McFall 
Dental Research Center, University of North Carolina 

Drs. Allen and McFall are primarily interested in methods of stimu- 

lating bone growth electrically as a means for rebuilding the tooth- 

supporting bone tissue which has been resorbed. 

has designed a simple mechanism which allows direct current stimulation 

of bone tissue on rat skulls without significantly restricting the normal 

activity of the rats. The Research Triangle Institute has supplied 12 of 

these mechanisms to the Dental Research Center to allow the initial ex- 

perimental work to begin. Additionally, the Solid State Laboratory at 

RTI has begun in vitro studies of the electrical properties of bone 

tissue. 

The applications team 

These experiments are designed to gain some understanding of 

growth and resorption processes in bone and 

affected or controlled by electrical charge 

It has been suggested by Bassett that 

of bone tissue are controlled by electrical 

* 

how these processes are 

distributions in tissue. 

both growth and resorption 

phenomena. Also, it has 

been demonstrated that bone tissue is piezoelectric and that this piezo- 

electric characteristic of bone tissue may serve as the primary feedback 

mechanism involved in the process of strengthening bone tissue which is 

regularly subjected to relatively large amounts of mechanical stress. 

It is possible that the loss of calcium in skeletal bone in astronauts 

results from the absence of mechanical stress in the skeleton in this 

* 
C. A. L. Bassett, "Electrical Effects in Bone," Scientific 

Amrican, Vol. 213, Oct. 1965, pp. 18-25. 



-13- 

results of space flights can be applied to increasing the understanding 

of these phenomena in general, 

UNC- 13 
Reinforced Braces and Casts 

Miss Florence Bearden, Head of Occupational Therapy 
University of North Carolina School of Medicine 

Arthritic patients frequently must wear braces or splints to maintain 

use of their hands and joints, The patients frequently expose their 

splints, which are made from a thermoplastic material, to intense sun- 

light or hot water which destroys the splint. It was suggested that 

fiberglass reinforcement might alleviate the problem. Preliminary ex- 

periments have been made and indicate that this approach can solve the 

problem. The Occupational Therapy group plans to conduct feasibility 

tests on full splints. 

DU- 1 
Calculation of Left Ventricular Volume from Cineradiographs 

Dr. Henry D. McIntosh, Professor of Medicine 
Duke University Medical Center 

Blood volume and pressure within the heart chambers, particularly 

the left ventricle, as a function of time are important parameters in 

diagnosing a variety of heart diseases. 

individuals at Duke University and the university of North Carolina are 

Dr. McIntosh as well as other 

extremely interested in techniques of automating the calculation of 

volume inside the left ventricle from biplane cineradiographs of the 

heart. A response to Biomedical Problem Abstract DU-1 from Mr. John 

Warden at the Jet Propulsion Laboratory indicated that digital image 
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mating t h i s  c a l c u l a t i o n  of v e n t r i c u l a r  volume. Cineradiographs of t h e  

h e a r t  have been s e n t  t o  D r .  Robert Nathan and M r .  Robert Se lze r  o f  JPL 

t o  o b t a i n  t h e i r  opinion of  the f e a s i b i l i t y  of t h i s  approach and t o  g e t  

some ideas  o f  how i t  can be accomplished. D r .  Nathan f e e l s  t h a t  a t  

least  a p a r t  of t h e  volume determination can be automated, and he and 

h i s  a s s o c i a t e s  a t  JPL have ind ica t ed  t h a t  when t i m e  permits  they w i l l  do 

some i n i t i a l  f e a s i b i l i t y  s tud ie s  of t h i s  a p p l i c a t i o n  of d i g i t a l  image 

processing.  

UNC- 1 
Oxygen Measurements i n  G a s  Mixtures 

D r .  K. Sugioka, Head, Divis ion of  Anesthesiology 

Department of  Surgery, Universi ty  of  North Carolina Medical School 

The need f o r  a h igh ly  r e l i a b l e  method of  measuring oxygen p a r t i a l  

p re s su re  and flow rate i n  a n e s t h e t i c  gas mixtures i s  described i n  Problem 

Abstract  UNC-1. 

from t h e  Technology U t i l i z a t i o n  O f f i c e r  a t  JPL as w e l l  as from North 

American Aviation, Inc.  However, due t o  t h e  complexity and na tu re  of  

A number of  responses t o  this a b s t r a c t  have been obtained 

t h e  instrumentat ion involved evaluat ions o f  t h e s e  responses are expensive, 

complex, time-consuming, and not completed. 

The use  of a t h i n  f i l m  oxygen d e t e c t o r  being developed a t  t h e  

Research Triangle  I n s t i t u t e  under a NASA Contract has  a l s o  been s tudied.  

I n i t i a l  experiments i n d i c a t e  t h a t  t h e  t h i n  f i l m  sensor can d e t e c t  oxygen 

p a r t i a l  p re s su re  i n  anes the t i c  gas  mixtures.  However, t h e  high sensor 

temperature which i s  required is  poss ib ly  causing detr imental  chemical 

r e a c t i o n s  i n  t h e  a n e s t h e t i c  mixture. Further  i n v e s t i g a t i o n s  are 

necessary t o  complete t h i s  evaluation. 
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DU- 7 

Micro force  Transducer 

D r  , E .  A .  Johnson, P ro fes so r  of Pharmacology 

Duke En ive r s i ty  Medical Center 

I n  studying t h e  c o n t r a c t i l e  c h a r a c t e r i s t i c s  of card iac  muscle t i s s u e ,  

D r .  Johnson needs t o  be a b l e  to  measure forces  generated wi th in  s i n g l e  

muscle f i b e r s .  These forces  range from .01 t o  1 mill igram, and the  t rans-  

ducer must have a r e l a t i v e l y  high frequency response. A concept f o r  

measuring very  small forces  based on the  ope ra t ion  o f  a piezojunct ion 

p res su re  t ransducer  being developed a t  RTI under a NASA cont rac t  has  been 

i d e n t i f i e d  as a p o s s i b l e  s o l u t i o n  t o  t h i s  problem. Evaluations of t h e  

force  t ransducer  have been held up because of mechanical s t a b i l i t y  problems 

which exist i n  t h e  device.  A modif ica t ion  of t h e  t ransducer  mechanical 

configurat ion w i l l  be necessary. 

UNCD- 7 

Narrow Depth o f  F ie ld  Dental X-rays 

D r .  C. E .  Crandell, P ro fes so r  of O r a l  Diagnosis 

Un ive r s i ty  of North Carolina Dental Research Center 

Current ly  a v a i l a b l e  dental  X-ray machines using laminographic tech- 

niques can be used t o  o b t a i n  records on ordinary f l a t  f i l m  of t he  e n t i r e  

tooth s t r u c t u r e .  This represents  a s i g n i f i c a n t  advance over conventional 

techniques,  but  it has one l i m i t a t i o n  which i s  f requent ly  a disadvantage. 

The depth of focus of such u n i t s  i s  approximately one-half inch. 

quently,  t h e  denta l  c l i n i c i a n  is  i n t e r e s t e d  i n  a much narrower range of 

focus i n  o rde r  t o  s tudy s p e c i f i c  l a y e r s  o r  po r t ions  o f  t h e  t e e t h .  

have discussed t h i s  problem with the  researcher  and have performed a 

Fre- 

We 

s e l e c t i v e  l i t e r a t u r e  search of r e l a t e d  documents a v a i l a b l e  l o c a l l y  and 
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i u  vur Ii ies .  A tachiilqiie to ~ b t ~ f i i  v e r y  ~ i i ~ l l  depth af fcciis ~ 5 s  ell- 

countered in the Proceedings of the Second Technology Status and Trends 

Symposium presented in 1966 at Marshall Space Flight Center. An adap- 

tation of this technique, axial transverse laminography, was suggested 

as a possible approach to this problem. 

plus the adaptation was given to the researcher. 

uating this technique. 

* 

A copy of the original article 

He is presently eval- 

UNCD- 6 
Temperature Measurement of Teeth 

Dr. C. E. Crandell, Professor of Oral Diagnosis 
University of North Carolina Dental Research Center 

The temperature of the pulp of the tooth is considered to be an 

indicator of the condition of the tooth; however, there are no currently 

available devices to reliably measure the temperature of an individual 

tooth "in vivo". 

success. 

abstract for a device to perform this measurement; however, a persual 

of articles by researchers who have tried infrared scanning has 

created some doubt as to whether the basic problem is an equipment 

problem or an improper approach to the problem. We feel that the funda- 

mental thermodynamic restraints on the overall problem have not been 

fully appreciated by some of the investigators. 

rently underway to analyze the problem from a heat flow standpoint to 

determine optimum techniques and actual device requirements. 

Infrared scanning techniques have been applied without 

Investigations were made preliminary to writing a problem 

An examination is cur- 

* 
George C. Marshall Space Flight Center, Proceedings of the Second 

Technology Status and Trends Symposium, Huntsville, Alabama, October 26-27, 
1966. 
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UNCD- 10 

Dental Thermography 
Dr. C. E. Crandell, Professor of Oral Diagnosis 

University of North Carolina Dental Research Center 

Thermography using infrared scanners, discrete IR sensors, and 

liquid crystals has been employed as an aid to diagnosis in the detection 

of near-surface cysts, malignant tissue, and an ever-expanding list of 

other applications. 

apply IR scanners to the detection of malignant tissue in the mouth, but 

A researcher at UNC Dental School has attempted to 

preliminary attempts have produced no reliable diagnostic information. 

An evaluation of basic approaches to the measurement problem is underway. 

The application of liquid crystals to this problem is under consideration. 

Mr. James Beal, a NASA authority at Marshall Space Flight Center on 

liquid crystals has been consulted,and he has provided information which 

is now being applied to the problem. 

crystals requires painting a black base and a film of liquid crystals on 

The usual method of employing liquid 

the surface to be examined. We are working on a technique which does not 

require direct contact. 

crease in flexibility. 

Such a technique would provide a many-fold in- 

Preliminary calculations indicate that this 

approach is feasible,and work on the development of this technique is 

continuing. 

WF-13 

Intracavitary Radiation Probe 
Mr. Clay Watts, Department of Radiology 

Bowman-Gray School of Medicine 

According to Mr. Watts, the techniques presently used for measuring 

dose in radiation therapy do not in fact give one a measure of tissue 
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dose. Rather, what i s  determined i s  exposure t o  r a d i a t i o n .  There i s  a 

need f o r  a technique of measuring r a d i a t i o n  levels  i n s i d e  body cavities 

and t i s s u e .  NASA Tech Brief 66-10252 descr ibing a biomedical r a d i a t i o n  

probe l e a d  t h e  Biomedical Applicat ions Team t o  con tac t  M r .  John T. Wheeler 

a t  t h e  Manned Space C r a f t  Center i n  Houston. M r .  Wheeler i nd ica t ed  t h a t  

S o l i d  S t a t e  Radiation, Inc. ,  i n  Pa lo  Alto,  Ca l i fo rn ia ,  has  done considerable  

development o f  probes and sensors  f o r  NASA and t h e  Atomic Energy.Connnission. 

D r .  Henry Katzenstein,  President  of  S o l i d  S t a t e  Radiation, Inc., w a s  con- 

tacted,and a meeting of  D r .  Katzenstein and members of  t h e  medical s t a f f  

a t  t h e  Bowman-Gray School o f  Medicine w a s  h e l d  a t  t h e  Research Tr i ang le  

I n s t i t u t i o n  i n  May, 1967. During t h e  meeting, t h e  d i scuss ion  centered 

around t h e  f e a s i b i l i t y  o f  beta  d e t e c t i o n  and alpha p a r t i c l e  d e t e c t i o n  i n  

t h e  body using s o l i d  state de tec to r s  and t h e  physiological  and medical 

s i g n i f i c a n c e  of  t h e s e  determinations.  

the Bowman-Gray School of Medicine w i t h  experimental r a d i a t i o n  d e t e c t o r s  

D r .  Katzenstein agreed t o  supply 

t o  a i d  the eva lua t ion  of s o l i d  s ta te  i n t r a c a v i t a r y  r a d i a t i o n  de tec t ion .  

WF- 3 
P r o s t h e t i c  Ure th ra l  Valve 

D r .  W i l l i a m  G.  Montgomery, Department o f  Urology 

Bowman-Gray School o f  Medicine 

The need f o r  a f l u i d  valve which can be implanted i n  t h e  male 

u r i n a r y  tract  to  c o n t r o l  t h e  flow o f  u r i n e  i s  descr ibed i n  Biomedical 

Problem Abs t r ac t  WF-3. The most s i g n i f i c a n t  requirements on t h i s  valve 

are t h a t  it be c o n t r o l l a b l e  by t h e  p a t i e n t  and t h a t  no p a r t  of  t h e  valve 

pas s  through t h e  s k i n  o r  ou t s ide  t h e  body through t h e  ex te rna l  u r e t h r a .  
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At present, Dr. Montgomery and his associates are experimenting 

with a small ball valve which is operated by an electromagnet in the 

body of the valve. The power to actuate the valve when implanted would 

be transmitted into the body by electromagnetic radiation. The applica- 

tions team has been of assistance in the design of the magnetic circuit 

which activates the valve. Dr. Thurstone, team consultant, has been 

very active in all phases of the valve design and has had experimental 

models fabricated in his model shop at the Bowman-Gray School of Medicine. 

4.0 Biomedical Applications Team Organization and Function 

As stated in Section 2.0, the primary objectives of this program 

are to identify technology-related biomedical problems and NASA-generated 

technology having some bearing upon solutions to these biomedical problems. 

This is followed by evaluation of possible solutions and, when possible, 

aiding the application of solutions in hospitals and research laboratories. 

Additionally, a significant part of the program is directed toward ob- 

taining a better understanding of the methods employed in accomplishing 

technology transfers in the biomedical field. 

past year we have gained sufficient insight into this process to signif- 

icantly increase the effectiveness of the team's efforts. 

provements in our program involve both the organization of the team and 

the methods employed in obtaining information which can lead to solutions 

to problems in the biomedical field. 

following paragraphs,and it is indicated how the team at RTI has modified 

its activities to realize a more successful operation. 

It is felt that in the 

These im- 

These points are discussed in the 

First, and perhaps most importantly, is the manner in which the 

tern-members interact with clinicians and researchers at the medical 
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institutions. In these interactions the most important factor is ob- 

taining a clear understanding of the medical problems and how possible 

solutions would be used. This understanding of the problem can be 

achieved most efficiently when the applications team member has some 

experience in the general scientific and technological field which is 

involved. To implement this matching of experience with problem areas, 

the responsibilities of the team members are delineated according to 

problem area. Initially these responsibilities were dictated geograph- 

ically. The present assignment of problem areas for the members of the 

applications team is as follows: 

(1) Dr. J. N. Brown, Jr., Director, Biomedical Applications Team, 

electronic systems and image processing. 

(2) Mr. Ernest Harrison, Jr., Engineer, materials science and 

optical and mechanical systems. 

(3) Mr. J. W. Murrell, Physicist, transducers (solid state, capaci- 

tive, etc.) and monitoring systems. 

( 4 )  Dr. H. G. Richter, Chemist, radioisotope tracing and monitoring 

and chemical analysis techniques. 

Additionally, it has been found that our understanding of the biomedical 

problems and needs is greatly enhanced as the number of meetings with 

individuals within the medical institutions is increased. In fact, more 

than an increased understanding of the problem is involved here. What 

frequently happens is that through repeated meetings we will shift our 

focus from a somewhat superficial problem to a more basic but related 

problem. 

that our consultants be present at all these discussions, it is necessary 

Finally, it has been found that,although it is highly desirable 
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th=t c t e a m  member be p re sen t .  That i s ,  i t  i s  more p r e f e r a b l e  t o  work 

w i t h  ou r  consu l t an t s  than t o  work through a consu l t an t .  

The problem a b s t r a c t  concept i s  t h e o r e t i c a l l y  one of  t h e  most 

e f f e c t i v e  means f o r  i den t i fy ing  advanced technology which can be app l i ed  

t o  problems i d e n t i f i e d  i n  t h e  biomedical f i e l d , a s  w e l l  as o t h e r  f i e l d s .  

It r e p r e s e n t s  a means f o r  bringing toge the r  i nd iv idua l s  which are 

separated both geographical ly  and by profession.  Further ,  i t  r ep resen t s  

a method of  c o l l e c t i n g  i d e a s  from a l a r g e  number o f  people i n  many d i f -  

f e r e n t  d i s c i p l i n e s .  To be e f f e c t i v e ,  however, t h e  Problem Abstract  must 

be w e l l  conceived and w r i t t e n .  

Technology U t i l i z a t i o n  Division, as w e l l  as our own, t h e  following guide- 

l i n e s  are being used i n  t h e  preparat ion o f  Biomedical Problem Abstracts .  

A problem abstract must: 

Based upon t h e  experience of  NASA's 

(1) S t a t e  t h e  problem concisely with emphasis on func t iona l  

requirements, and 

(2) Show s i g n i f i c a n c e  of p o s s i b l e  s o l u t i o n s  t o  medical research,  

c l i n i c a l  p r a c t i c e  or p a t i e n t  treatment and care. 

The problem a b s t r a c t  should not: 

(1) L i m i t  p o s s i b l e  approaches t o  so lu t ions ,  

(2) Request s o l u t i o n s  or information which can be obtained by 

searching t h e  l i t e r a t u r e  o r  o t h e r  more direct  means, o r  

(3) Present  problems which appear t o  be "impossible" o r  are 

gene ra l ly  known t o  r e q u i r e  r e l a t i v e l y  long per iods o f  

research and development. 

I n  a d d i t i o n  t o  t h e  Biomedical Problem Abstract  approach t o  ob ta in ing  

information r e l a t e d  t o  medical problems and needs, t h e  a p p l i c a t i o n s  teams 
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have access to NASA'Regional Dissemination Centers such as the Science 

and Technology Research Center in the Research Triangle Park. Through 

these centers, one can search the open literature as well as aero- 

space government reports and documents. The effectiveness of this in- 

formation searching depends upon one's understanding of what he is 

searching for and his experience in making information searches. We 

have found that the RDC can be extremely valuable to this program in 

ways other than simply allowing us to search computer tapes containing 

aerospace articles and reports. The RDC personnel generally become very 

familiar with NASA programs and industrial research and development pro- 

grams supported by NASA. They have frequently directed us to contact 

individuals at NASA centers who have been able to furnish information 

related to specific problems and needs. Further, they have frequently 

suggested NASA-generated technology surveys which were pertinent to 

specific problem areas. In general, we have found that contacts with 

individuals made through the Science and Technology Research Center 

have been at least as valuable as the results obtained from the computer 

information searches. Finally, to facilitate this information searching 

part of the program, we are attempting to build up a complete file of 

survey and state-of-the-art types of reports as well as NASA program 

reports. Having this kind of information on hand is of great value in 

rapidly identifying activities within NASA which are pertinent to specific 

biomedical problem areas. 

In sunnnary, the contents of the preceeding paragraphs can be stated 

quite briefly in the following manner. Biomedical problems and needs 

and their significance must be clearly understood. This understanding is 
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achieved by frequent discussions between biomedical personnel and tea- 

members having the appropriate background and experience. 

Problem Abstracts must be understandable and complete and should discuss 

only significant and, at the same time, "solvable" problems. Success in 

searching for information through regional dissemination centers is 

achieved by experience and working directly with the center staff. Finally, 

it is important that the team maintain an up-to-date and complete file 

of technology surveys and NASA program reports. 

Biomedical 

5 .O Conclusions 

This report has presented a review of the primary objectives of 

Biomedical Applications Teams. It has, further, presented a sunnnary of 

the activities of the RTI applications team during its first year of 

operation. Also, the effectiveness of the Biomedical Applications 

Team concept has been analyzed and recommendations for the most effective 

functioning of such teams were presented. 

team has been effective in identifying significant technology-related 

biomedical problems and has directed its efforts toward obtaining solu- 

tions for a number of these problems. A s  a result, solutions to seven 

problems have been identified and evaluated. A number of other solutions 

has also been identified and evaluations are, at present, being initiated. 

The applications team has continually adapted both its organization and 

function to achieve a greater transfer of technology to the biomedical 

field. These adaptations include the following: 

In summary, the RTI applications 

(1) Team members have increased the frequency with which they dis- 

cuss problems and needs with biomedical researchers and 



c l i n i c i a n s  t o  o b t a i n  bet ter  understandings of t h e  problems 

and t h e i r  s ign i f i cance ;  

(2) Team members are becoming spec ia l i zed  i n  d i f f e r e n t  areas of 

science and technology which are known t o  be important i n  t h e  

biomedical f i e l d  so t h a t  they can d i scuss  s p e c i f i c  problems 

and needs more i n t e l l i g e n t l y  from t h e  in t roduc t ion  of t h e  

p rob 1 em ; 

(3) The team i s  bui lding up a complete and up-to-date f i l e  of 

survey and s t a t e - o f - t h e - a r t  type program r e p o r t s  i n  a n  e f f o r t  

t o  respond more rap id ly  t o  s p e c i f i c  problems as we l l  as t o  be 

a b l e  t o  i d e n t i f y  quickly programs which should r e s u l t  

i n  knowledge and technology p e r t i n e n t  t o  s p e c i f i c  problem 

areas. 

I n  conclusion, t h e  RTI Biomedical Applicat ions Team has  been success- 

f u l  in applying aerospace technology t o  problems e x i s t i n g  wi th in  t h e  

biomedical f i e l d l a n d  t h e  team has developed o r  improved methods f o r  max- 

imizing t h i s  t r a n s f e r  of technology. 

gram be continued with t h e  primary o b j e c t i v e  being t o  apply t h e  experience 

which has  been gained by the RTI a p p l i c a t i o n s  team toward achieving 

a maximum number of t r a n s f e r s  from t h e  physical  sciences i n  general  and 

t h e  space program i n  p a r t i c u l a r  t o  t h e  f i e l d  o f  biomedicine. Further ,  

t h i s  e f f o r t  should involve concentrat ing upon those problems and needs 

of  biomedicine which are known t o  be c l o s e l y  r e l a t e d  t o  technology and 

upon those areas of technology which are most app l i cab le  t o  t h e  biomedical 

f i e l d .  

It i s  recommended t h a t  t h i s  pro- 
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Duke Universi ty  Medical Center 

DU-1 .... Techniques f o r  ca l cu la t ing  l e f t  v e n t r i c u l a r  volume from bip lane  

cineradiographs.  

DU-2 .... Method f o r  monitoring NAD i n  l i v i n g  b r a i n  t i s s u e .  

DU-3 .... New techniques f o r  cons t ruc t ing  s a f e  and e f f i c i e n t  hemodialyzers. 

DU-4 .... Measurement o f  extremely small temperature changes. 

DU-5 .... Electromyographic e lec t rode  assembly f o r  t h e  s o f t  pa l a t e .  

DU-6 .... Correct ion f o r  la tency  i n  vidicons.  

DU-7 .... Microforce t ransducer  f o r  s i n g l e  ca rd iac  muscle f i b e r s .  

IW-8 .... Methods of studying q u a n t i t a t i v e l y  diseased membranes i n  body 

j o i n t s .  

IKI-9 .... A 4-channel te lemetry system t o  be used i n  experiments with 

dogs. 

DU-10 ... Techniques f o r  monitoring h e a r t  rate, r ap id  changes i n  blood 

pressure,  and de tec t ing  arrhythmias d i r e c t l y  and au tomat ica l ly  

from phys io logica l  data. 

DU-11  ... Pressure  t ransducers  f o r  i n t r a c a v i t a r y  o r  subcutaneous i m -  

p l a n t a t i o n  i n  t h e  body. 

DU-12 ... Techniques f o r  enhancing cineradiographs of kidneys so t h a t  

t h e  ar ter ia l  network wi th in  t h e  kidney can be mapped. 

DU-13 ... Sources o f  K42 having very high s p e c i f i c  a c t i v i t y .  

DU-14 ... Spray-on e lec t rode .  

Ilu-15 ... Techniques f o r  analyzing c a r o t i d  a r t e r y  pressure  pulse  t o  

ob ta in  blood flow data. 

DU-16 ... Visual  discr iminat ion i n  photos and X-ray p i c t u r e s .  
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DU-17 ,.. Storage and retrieval of biomedical text. 
DU-18 ... Special purpose real time data processing. 
DU-19 Low costs microminiaturized and reliable time multiplexing and 

AID electronic equipment. 

DU-20 ... Multielectrode needles. 
DU-21 ... Method of measuring radial component of ionic current flow 

through nerve membrane. 

DU-22 ... Method of alternately exposing tissue to two separate mono- 
chromatic light beams having different wavelengths at a rate 

of 5,000 cps. 

DU-23 ... Methods of improving resolution and general quality of electron 
micrographs to obtain more information on the structure of 

cell membranes. 

DU-24 ... Instrumentation for obtaining EKG of developing chick embryo 
heart. 

DU-25 ... A signal conditioning and multiplexing system for multiple 

electrode EKG patient monitoring. 

Bowman-Gray School of Medicine, Wake Forest College 

WF-1 .... A technique for generating an ultrasonic noise spectrum 
with a variable and sharp low frequency cut-off characteristic. 

WF-2 .... A mechanism for holding ultrasonic transducers to the skull. 

WF-3 .... Prosthetic valve for urinary tract. 
WF-4 .... Small aperture ultrasonic transducers having large capture 

angle. 

WF-5 .... Method of photographing ultrasonic energy patterns. 
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W L - o  .... Seiiaz-zhonael, p e r t a h l ~ ~  bnt te ry-opera ted  tape recorder .  The 

recorder  must be l ight-weight  and should ope ra t e  f o r  a t  least 

e i g h t  hours .  

WF-7 .... Method of co r rec t ing  f o r  sphe r i ca l  a b e r r a t i o n  i n  u l t r a s o n i c  

holograms. 

WF-8 .... Techniques f o r  analyzing and obta in ing  a l l  s i g n i f i c a n t  i n -  

formation contained i n  u l t r a s o n i c  echo pulses .  

WF-9 . . . . Mate r i a l s  f o r  p r o s t h e t i c s .  

WF-10 ... Theore t i ca l  t reatments  of holography which d i scuss  abe r ra t ions  

and d i s t o r t i o n s .  

WE-11 ... Mechanical j o i n t s ,  extensions, e tc . ,  t h a t  can be used i n  

powered p r o s t h e t i c s .  Also needed are c o n t r o l  systems, e i t h e r  

e l e c t r i c a l  o r  f l u i d ,  f o r  ope ra t ing  t h e s e  mechanisms. 

WF-12 ... Variab le  diameter probe f o r  e lectromagnet ic ,  blood flow meter. 

WF-13 ... Radiat ion de tec to r  f o r  i n  vivo measurement of  absorbed dose. 

WF-14 ... Spin resonance s t u d i e s  of phys io logica l  t i s s u e  which has  been 

exposed t o  r ad ia t ion .  

WF-15 ... Information on damage t o  phys io logica l  t i s s u e  exposed t o  low 

l e v e l s  of  r ad ia t ion .  

WF-16 ... Low n o i s e  coax ia l  cab le  f o r  u se  i n  recording electroencephalograms. 

WF-17 ... Helmet conta in ing  electroencephalograph e l ec t rodes .  

WF-18 ... Techniques f o r  averaging evoked nerve responses t h a t  are 

simpler  and l e s s  expensive than c o w e r i c a l l y  a v a i l a b l e  

instruments .  

WF-19 ... A method f o r  s t imula t ing  nerve t i s s u e  from ou t s ide  the  body. 
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WF-20 ... A technique for continuously monitoring the inside and outside 
diameter of capillaries and small arteries and veins. 

WF-21 ... A method of measuring velocities of individual red cells. 
WF-22 ... Improved methods for presenting and enhancing autoradiographic 

scan data. 

WF-23 ... An effective respirator for infants. 
WF-24 ... Respirator control system that adjusts both volume and rate as 

well as other parameters according to body needs determined by 

monitoring continuously the partial pressures of gasses in the 

blood stream. 

University of North Carolina Medical School 

UNC-1 . . . . Oxygen measurement in gas mixtures. 
UNC-2 .... Data on physiological calcium loss in weightless environments 

which may be relevant to understanding mechanisms of bone 

growth and resorption in the human body. 

UNC-3 .... The effects of drugs upon mental and physical activity in space. 
UNC-4 .... Information on biological rhythms obtained in aerospace re- 

search programs. 

UNC-5 .... Techniques for facilitating the insertion of needles into 
small arteries and veins. 

UNC-6 .... Implantable plastic materials. 
UNC-7 .... Determination of radiation dose as function of position of 

radioactive needles or wires in body. 

UNC-8 .... Method of monitoring complete activity of mice. 
UNC-9 .... Analysis of electrophoretic radioactivity scan data. 
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ITNC-10 . . . A portable lightweight, and inexpensive EKG tape recorder. 

UNC-11 ... A semi-portable instrument for measuring blood pressure which 

is not sirbject to operator error. 

UNC-12 ... Low temperature lubricant for microtomes. 
UNC-13 ... Methods of reinforcing therm-plastic braces and casts. 
UNC-14 ... Techniques for soldering aluminum. 
UNC-15 ... Method of quickly and accurately measuring the angles which 

each finger segment makes with adjacent segments. 

UNC-16 ... Technique for identifying all the amino acids in urine quickly. 
UNC-17 ... Better materials for microtome knives than the presently 

available steel or glass. 

UNC-18 ... Method for cooling a few m3 tissue specimen from body tem- 

perature to -8OOC in a few milliseconds. 

UNC-19 ... Methods of sterilizing dental instruments in the clinic or 
office, quickly and positively, in one or two minutes, without 

heat or ethylene oxide. 

UNC-20 . . . Good micro-methods for determination of fatty acids. 
UNC-21 ... Simple techniques for telemetering blood pressures. 
UNC-22 ... Methods to identify quickly what a drug-intoxicated person 

has ingested as soon as he is admitted to the emergency ward. 

UNC-23 ... Implantable materials besides teflon and silastic. 
UNC-24 ... Oxygen-sensitive electrodes in the micron-size range. 
UNC-25 ... Methods for detecting (screening) skeletal or straited 

muscle relaxants. 

UNC-26 ... Better assay methods, other than bioassay, for succinyl 
dicholine at the microgram per milliliter level in serum. 
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?E- 21 . . . ---- Any method for assay of succinyl monocholine in serum. 

UNC-28 ... Technique for measuring free fatty acids in serum, 
UNC-29 ... Techniques for maintaining blood sugar at a constant level over 

a period of several hours. 

UNC-30 ... What parameters other than blood sugar and fatty acid levels 
can be used to follow utilization of insulin. 

UNC-31 ... Techniques for measuring metabolic products of anesthetics in 
breath and body fluids. 

UNC-32 ... Method for measuring-externally-the extent of atherosclerosis. 
UNC-33 ... Techniques for recording or telemetering heart rate and 

respiration of swimming and diving animals. 

Dental Research Center, University of North Carolina 

UNCD-1 ... A method of producing silver-copper and silver-tin alloys in 

powder form with spherical shape and with particle sizes in 

the range of 2 to 4 and 6 to 10 microns. 

UNCD-2 ... Method of measuring change in width of mandible when closed 
and opened. 

UNCD-3 ... A method for sterilizing dental instruments. The method must 

be rapid and should not require temperatures above approximately 

2OO0C except on the surface. 

UNCD-4 ... Technique for determining mechanical stability of teeth. 
UNCD-5 ... An improved and reliable electric tooth pulp tester. 

UNCD-6 ... A sensor t o  measure the temperature of individual teeth in 

such a fashion as to determine the viability of the tooth. 
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lTNCT)-7 _ _ _  A method of obtaining X-ray films of the entire mouth on a 
single film with a depth of focus of 1 m or less. 

UNCD-8 ... A reliable automatic processor for dental X-ray film. 
UNCD-9 ... System for automatic scanning and statistical analysis of 

electron and photomicrographs. 

UNCD-10 . . Techniques of applying thermography to the mouth. 

Durham Veterans Administration Hospital 

VA-1 .... Improved techniques for measuring blood flow continuously. 
VA-2 .... Implantable catheters with outside diameter of approximately 10 

thousandths of an inch suitable for measuring blood pressure 

without loss of high frequency signal. 

VA-3 .... Transducers which can measure absolute blood pressure and are 
external to the body. 

Hospital for Special Surgery 

HSS-1 ... A method of measuring and telemetering the force applied to 
broken bone joints by implanted braces. 

HSS-2 ... A method for measuring and telemetering pressures on the surface 
of prosthetic hip joints. 

Rockefeller University 

RU-1 .... A survey of computer techniques for analyzing physiological data. 
RU-2 .... A survey of recently developed transducers for monitoring 

physiological parameters. 
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Alber t  Einstein Ins t i tu te  

AEI-1 ... Multiple electrode implant for comarmnicating with brain. 

AEI-2 ... A cathode ray tube camera for ultrasonic scanning systems. 

Monte Fiore Hospital 

ME"-1 ... Special materials to be used i n  new hospital construction. 
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APPENDIX B 

Biomedical Problem Abstracts 
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Thke University Medical School 

DU-1 . . . , "Heart Blood Volume Measurements" 

DU-2 . . . . "Optical  Scanning Concept" 

DU-3 . . . . "Disposable Dialyzer" 

DU-4 . . . . "Measurement of  Small Temperature Changes" 

DU-5 . . . . "EMG E lec t rode  Assembly f o r  t h e  S o f t  Pa la te"  

DU-6 . . , , "Correction f o r  Latency i n  Vidicons" 

DU-7 . . . . "Micro- fo rce  Transducer'' 

Univers i ty  of North Carol ina 

UNC-1 . . . "Oxygen Measurements i n  G a s  Mixtures" 

UNC-2 ... "Information Related t o  Bone Growth and Resorption" 

UNC-5 . . . " Inse r t ing  Needles i n t o  Veins" 

Univers i ty  o f  North Carol ina Dental  School 

UNCD-1 . . "Preparat ion of M e t a l l i c  Powders from S i l v e r  Alloys" 

Bowman-Gray School of Medicine, Wake Fores t  College 

WF-1 . . . . "Audio Noise Generator" 

WF-2 .... W l t r a s o n i c  Transducer Pos i t ioner"  

WF-3 , . . . "Pros the t i c  Ure thra l  Valve" 

WF-4 . . . . "Non-directional Small-aperture  Transducer f o r  U l t r a son ic  

Holograms" 

WF-5 . . . . "Ultrasonic  Image Recording'' 
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APPENDIX C 

Status of Information Searches 
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